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ABSTRACY

A novel Cryopenic CapaGlve prossiig tansdocer waes devdloped usiy Stheon

nictonaehining tedmiques 1t enploys i fic Gble Shon mentane whichiis s bod toa b
sunple cliambes withan Todioin se A A thin Bl cCopacitor plie is attachcd 1o i bick side of
the memnbiane A sccond thin Sl capacGlos pla P located o shori dintan Cavay on e fined
Glicon waler. Pressore vatiations i the sample cothwith flos the cinbiens the tchy adjosting,
the relative capacitance of the cocoit T entbrans ca be Casily Tl ted to precisg
dincnsions, @llowing fine taning of the spasing boedn the Crpiitor platcs This allows oy

aptimization of the sensitivity end dynamic range of et ducar

TRODUCTION

Caparilive prossare pauges ae evitenn -y use ol dovives 11 low tampasline seiende, beng
. . . . S
conceptually simple, well anslyscd and vicdding @ roolation of up e 10N Howeva,

content designs are somewhat cotmpheaied to Laild ead 1ol very 1oprodnoble Onee the

tansducer is assembled, tharits chmaeienisies con b neasered g i the Gonacicnslios ate
vath the

ot desitable, one hus 1o cssentislly rebaild the transdo ¢ Anathies piobla
conveational desipgn is the degree of paralicism boiwed the copaciton phates smb e distance
belweeit them, both of which wilt atico i the scasitivity of the device Wedeveopod a new type
Of CapaGHive Pressuie Seusol i which the pap boiween the clectiode s e bie sl ___f._f,._v_ to

il

one's 3.:.__,:.._:::. allowing: tailoning, of the shotiing prossure and dys

Coanl Tang,
'

ninteining a high degree of pavallclism betvven Cech e This wew design borrows
techuigues from integrated cireuit faliication technology to boild medimse s strochmes using:

!

a sinple crystal silicon wafor as the starimg malon
DESIGN AND CONSTRUC JOEN

silicot e abrant seals s hddiom

e 1 shows a sehiematic drawing, of the tansdig
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Vigere 1. Sehoontic drawing of the silieonn oo Jined capesbve prossa clie gy
cangle chmnbes with an Indinn O ging Vhe bock side of thc tcnbiene has e well elohed on
it A capreiton plate is defined nside the wal by photolithography s ne i duposition A
sccond identical waler is placed spainat the mtsbiene so tat the pepbeiveon the CipaCitol
plates is given by the depth of the wadlss Ry e asuting e Capacitsnc e A the mcabian
displaces duc 1o iange s inpressare (edatve o embicat pressore, which i+ ot to veroin g
cold vartut can), one can thua mmcasune the clisagc o proosure in the diznbe An tdentical
cet of warfers can be placed undes this firsd et o 2ol &8 & 1Caence Cipaciizn o cane a cald
reference capacitiance is necded Tna prdiminey vasion, @ block of Siteonreplaced the
yeference capaciton. The pap between the capaciion plates can be adjusted by ticning, the eleh
ol the silicon walcrs as will be desenbed bl By varying this pap v co teilon the shording,
pressure to be dose o the pressare o be measued, yicding proaten e solisiian The tade- ofi
i< the dynaniic tange, which beeome s sollesscthe pressoe o be tneaned pods Aosc to the
shoriimg pressure,

The fabrication of the wafs is as folloven One inch wafers polishied on both sides e




furnished by the vondor. The walvis are then oxidized in s funace at 1050 Cina flow of
onygen satutated with water vapor  The oxide acis as & mash duting the elodistep. The well
pattern is defined by standard photolithography The resultis & paticon whicthe oxide is
exposed in the tegions to be elched and protecied by the photoresistin the tegions thit will not
be ctehied. Reactive lon Ftching, with CFy is thau peformed oa the walen, ronoving the oxide
fiom the repions left exposed by the photoresisi mask - Aflee renoving, the Jefiova resistin
acctone the wafe is placed inthe standard anisotropic ¢leh batl (KOH a1t @5 C) 'The KOH will
cteh prefeientially the regions without the protective oxide. The eleh ratcis typically Tpneper
minute. For shott eteh times, the bottom of the vwell temsiag optically flat The Temiiniug,
protective oxide is removed in Buficied Oxide Tchand the whole wafer is oxidized again in
a furnace at 1050 C under a flow of oxypen satoreted with water vapor - The capacitor plate
patteins are definegh by standind pliotolithopaphy, mctal evaporation and 1ifi-off in acclong,
The capacitor “._:_om_.:. composed of & botiom layer of Titawicu (300A), an intennediate layer
of Platinum (300A) and a top layer of Gold (3000A)  Notches are cot on the waldors so
exicinal contact can be made 1o the comial conncclors

A typical depth of the well is 17, yielding a sepataion between capucitor plates of
24pm Such simall separation yiclds reatonably Bupe capiitances (8 fow 1o tens of pico
Farads) even for simall (1.5 mugradiog) capacitor plates Motcover, small ¢ pacitance plates
enstine that the plates displace with 1espeei to or ¢ another while stll remauing fiat, therefore
mwinitnizing, the eflect of bowing of the plates, which dugrades the podomimned of the
transducer. The distance between phates canbe controlled to within Bpane The design also
includes a poard ting, around the capacitor plites. The geard sing avoids cions i Caprscitance
measurements due 1o stray capacitences, and they shoukd be always gronnded

The membiane and bottom wafer plates can be roplaced 8 one dosires dificient
chatactenistics, with thicker wafers yielding highe: shoriing pressures The felnication time

for a st of wafeis is about two days
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TESTS AND RESULTYS

Inorder to test the ultimate resolution of the transducer - a prefiminary version was built
that had a shorting, pressure of toughly 2.5 PSE This allowed v to use our cryostat with a high
resolution thermometer to 1eguelate the temperaive in the cell to the necessary accutacy to
observe the target 1esolution of 1 pati per bilhion it pressure Fipure 2 shows the calibration
of this version of the transducer. The calibration was done by slawly cooling the sample celf
which contained liquid helivnn in equilibrivn with its vapor, end passively mcasuring the
temperature in the ecll and the tiansducer capacitance. The pressure s obtained fiom the
vapor pressute of helivm at a given tunp(-l.aluw.:" We have vsed a low tempeatine valve? to
isolate the sample chamber from pressure fluctosnions due to the temperature gradient along,
the fill line.

In otder to measume the resofution of the transducer, the tempeiature in the cell was
stabilized at 2. 75K (vapor pressure = 237 PS1) 1o within 20K 1ns using, 2 Vhigh Resolution
Thetmometer (IIR'I')I’. The tempeigture was determaned by measunng, the tempeiatune
dependent muagnetization of a paramagnetic salt (GACly) pliced ina constant magactic ficld
Changes in magnetization induce courent clianpes ina superconducting, pick-up loop coupled
to an RE SQUID. The HIT was calibrated apainst a permanium resistor. To stabilize the
tempetature the output of the RY SQUID is used as the input signal for a Linem Research
1.RI30 Temperature controller 7 While measunng, the copacitance, the teinperature was
changed by 3650K and stabilized to within ZuK 1ms.  Aflar toughly five minutes the
temperature was changed lmckid {0 the onginal point and again stabilized (o within 20K 1ms
This was done several timmes and the conesponding, change incapacitance was recorded. Fipure
3 shows typical data. The averaging time for the capacitance measarcments was 0.5 seconds
The capacitance measuraments were perfonmed with an Andeen Hagerding model 25004 self
balancing capacitance bridge & Phe rns variation of the tetmperatane at cach platcin was 2K,
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Vigure 3. Temperatare in sample cell and copacilwr e & 6 function of tune
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Figure d. Vanation in capacitance us & function of time without the const it d- it

The capacitance had a constant diift of -3 25x107pF per second. In order o obtain the 1ms
vatuwe O T the Nuctuation in capacitance, this diifl was subtrzcted from the duta as shownin
Ligute 4“1 he nns fuctaation of the capacilance at Cach plat can was C 3.74x10°¢ pl Based
on the change in capacitance with the change in temmperature, we estimate dC/d 179 pilK - At
this teipeiatare (1= 2 75K) the slope of the helons vapor juts. e dineis di/d 1 3,942 PSIUK?
The fluctuation of pressure at the platcans is thendP- 18107 PS] his gives & pressure
resolution of &P/P- 8x10°%. Note that the fiuctuation in pressine due 1o temperature
fluctuations & only 8x10° PSI, more than one order of magnitudc smaller. 1 his indicates that
the source of fluctuations in capacitance is inlunsic 1o the transd veer. At this time, the cause
is still uukniown, and furiherinvestigation is necessaty. One possible sowceis the measuting,
sctup since, even though the budpe vsedis self balancing (i ¢, it is nevorrun ofi-balance), the
ultimate 1esolution can still be aflected by the cable Jength - 1o order to coneet that, a cold
icference capacitor has to be included in the selup. 1 he next veision of the tra naduc e will have
this cold teference, The other problemto be solved is the diflin capa citanceas & function of
time. OQue possibility that was cousidered 10 € plain this behavior is the ductibility of the
Iudium O 1ing, 3t is possible that the O-ring relaxes with time, therefore aflecting the pressure
that presses the two siticon waltes topether and thus the distance betweenthe capacitorplates
To conect Ibis, different O-1inps will be tested ‘1 he two possibibtics considescdare goldand
kaptonltis possible that a cold reference wall alvo minimize this problem, since the pressute
that holds the mecasurer nent capacitor together will be exacily the satme as the pressure that
holds the reference capacitor, therefore canceling the eficet




CONCLUSION

We have designed siia built a novel pressure trausducer based on silicon nictomachining,
techniques. Preliminaty tests show a 1esolution 8P/ 8x1 0°°, roughly onc order of magnitude
worse than the state-of-the-ar L and two orders of magnitude worse thanoutarget  An
additional problem is a coustaut ¢ 1ifl of the capacitance withtime  New versions of this
transducer will have. a cold reference builting, and possibly a difiereat kind of O ging for scaling
the chamber. We believe this willbiing us close to the slate- of-the-ariTnorder 1¢ 1 achieve a
tesolution of SP/P of 107, we believe the lengih of the leads v.ill nave o bereduced, implying,
thenccessity of a cold amplificr. 7 Orice S pr oblems a1 selved, we believcthis instiument
will be extremely useful and ver satile, providing the oppor tunity of tailor ing, the desired
resolution: and dynamic range with grcat ease
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